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Fig. 8. View of the integuments at the micropyle as seen in the longitudir-' 
median section of the corn. X 325. 

Fig. 9. Transverse section of coats, etc., in the middle region of the ovule of 
the corn. The line of compacting in the ovary wall has formed, the innerm/: 

cells are freed, the inner integument is compressed, the epidermis of the ac- 
cellus remains. X 325. ’ 

Plate XXVI.—Fig. 10. Transverse section of the coats of the corn grain at 
maturity after treatment with cold potassic hydrate. X 400. 

Fig. 11, Transverse section through the coats of the mature oat grain shot 
ing the union of the remaining cells of the ovary wall with the inner intega* 
ment. The layer to the left of i is the inner integument; to the right, the 
dermis of the nucellus X 465. 

hig. 12. Transverse section of the inner coverings of the mature wheat gntc 
showing union of the chlorophyll cells of the ovary wall with the inner 
ment after treatment with KOH. X 735- 

Fig- 13. Transverse section of the coverings of the mature wbe.it gum 

x §65. * - 




Contribution to the biology of the organism causing 

leguminous tubercles. 

GEO. F. ATKINSON. 


WITH PLATES XII-XV. 

[Continued from p. 166.] 

Historical resume. 


Early period of investigations. 

The tubercles were at first supposed to be normal p‘ lf ’ L - s 
the plants on which they were found. According to ^ 
lemin * 6 , De Lechamp 7 named the genus Ormthopus froai t 
character of the tubercles and De Candolle 8 uses the ion® 
the tubercles as one of the characters of a variety of Ooat 


Perpusillus. 


’ yitycLius. » 

Bivona 9 * took them to be fungi of the genus Sclt’cotivtk a 
distinguished two types, the simple ones as 5. lotoruw a 

l . I t t « J E 1 _ i _ C / .• rrf 


the lobed ones as 3. 


medicaginum. 


Persoon's Sdtn** 

tubercle 


-^ V/IIV.O a.3 o. mtUlL Ug L r l ll ft & • X V.A 

rhizogonum 10 was also founded upon certain of these tu r * 

Fries 11 rejects Persoon’s S. rhizogomnn referring the o ^ 


e Les tubercles radicaux des Legumineuses 

et etrang. 1888. p. 96. 

7 Histoire generate des plantes. 1615, 

8 Prodromus Syst. Nat. Reg. Veg. 11 (1825). 312. 

•Pugill. plant, rar., Siculae, iv. 26. 

°Trait 4 sur les champignons comestibles, Paris. 1S1S. 

,1 Systema Mycologicae, 11. 250. 


Ann. d. Sci. Agrooom 
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which it was based to growths from the roots of Vicia , etc. 
Fries however retains Bivona’s two species S. lotorum and 
S. mcduaginum and it was reserved for Tulasne 12 to cast them 
out of the category of fungi. To A. P. DeCandolle 1 3 they re¬ 



st mbled small fungi like Sclerotium but he regarded them as 
diseased outgrowths and Wigand 14 recently has looked upon 
them as pathological forms. 

15 doubts their parasitic origin, and Clos 16 believed 

theiri normal structures with a physiological role and called 
them lenticels. ' "A '■£ v. 

Others savv in them the products of animal parasitism, 
|>-ghi 7 giving to insects the credit of their origin 

1,111 preferred to charge them to the account of Anguillu- 
***■ Later he ‘ ‘ 

-- --- unv. X^iiai K 

toot 



while 


withdrew the charge and treated them as 


nr °T u ^ ^ ave ar gued that the tubercles were normal or- 
f n *'° e ^ e g urn i n °sas hold very diverse views as to their 
-Jr e pl ant economy. Gasparini 20 describes them 
ft., f n at l era * ro °ts and with Kolaczek 21 thought they were 

*? r ., absorbin g f ood. DeVries 22 and Wittmack 23 in- 

Trtviran 24^ ^ a f era ^ roots with dwarfed growth, while 

. US J u dged they were imperfect buds which in 


case 


CQ Ki Hypogaei. i8u. 

‘ M«moi,l| 1 


u 


wesur les Legumineuses. 1825. 

n innerhalbder geschlos 
rapiiionaceen Wurzel. 


Murburg ,887 "f urze1 -. Bot. heft. Forsch. aus dem Bot. Gart. 

isss ' ’ cae d t»y Pichi, Atti della Societa Toscani di scienze 

'Tbauche de U rh’ Bot . Verem d - Trov. Brandenburg. 1878. p. 54. 

* lUf 'iJes tub**rdf-K 1Z °\ aXle ' . 7 ^48; Du collet dans les plantes et de la nature 
,T '»—- - C,CS - Ann - d - Sci. Nat. Bot. III. xiii.’ 1849. 



AO i &m f Plantar um 

4 e/v O 


\$r 


d» Ph y |io«i rai 


'*** rn i e 'p h ‘,|7" 0 “ ra lS 7 6 ' 

. *^ 78 . ^ oxera vastatrix. Memoires del’ Academie des sciences 

l^> aiT A 42100 ’ sull a strnttvif. J . ■B BHWI 

t iii®.,‘ ^ di Nanoli i«r Ur ^ ^ ei s P on giolari di alcune piante leguminose, 

, . ft ^ ' I8 5 D cited by Tschirch, Ber. d. deutsch. bot. Gesells. 




P- 374 - 


1 


n« • ^ uoi. vVrein* j 1Y1CC1) ’ DdiiQw. janrD. 1 

‘^'ttadloug a R s d - Pf ov. Brandenburg. 1878. 

5 1 **■ Vereins d. Prov. Brandenburg 


P- 54-551 
1874. p. 54 


/%r!l leNei 8UnBder UI-1 - "‘^ucuuuig, .0/4, F . 

' *® 53 . p. 39^ o__ .. s f°8 ew achse zu unterirdischer Knollenbildung 

bee Vuillemin. 
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the plants did not fruit could themselves develop into per r 
plants. According to Nobbe, 2 5 Lachman, 2 Mattirolo e Bus- 
calioni 27 the}'' were places for the storage of reserve food 
materials. 

These notions were probably empirical and derived mor. 
from superficial examination than from any serious attempt 
at an anatomical study of their structure and, contents. 

Middle period of investigations. 

The period of serious investigation into their structure and 
etiology begins with Woronin’s 28 contribution in i860. He 
described the tubercles as being composed mainly of apart'- 
chymatous tissue which is separated into an inner central 

mass and an outer layer, the two portions being 
a layer of fibro-vascular tissue which arises from currc+* 

J 

ponding tissue in 
inner parenchyma he described as 
tents while the outer was clear. 



the central cylinder of the root. T< 

^^^^H^H^^^Hpossessing turbid © : 

point or 


The 


UQg, 


meristem of the tubercle lies in 


grow 

the distal portion of the in* 


ner parenchyma, the proximal portion being occupied b\ & 
teria-like bodies or vibrios which filled the plasmic substance- 

These he considered to be the cause of the tubercles. 

bv Eriksson 1 * 


The next important contribution was 


distinguished what he supposed were two organis us 
tubercles. One he verified as the vibrio-like bodies • ^ 

ered by Woronin which occupy the proximal portion ^ ^ 
central parenchymatous tissue. In the distal i ^ 


central parenchymatous tissue he discovered what <• ( 




be fungus strands lying in a radial position 
finer threads as they approached the center. 


brancbi^ m 

He describe** 


Vegetationsversuche in Boden mit lokalisirten NShrstoffco 
schaftliche Versuchstationen, iS6S, p. 9S. 4 i 

‘“Ueber Knollchen der Leguminosen. Landw. cfcJi 

Lehranstalt. und Versuchstationen, Poppelsdorf, * c 5 * P* 

Tschirch, 1. c. . j iUtyP 

27 Si Contengono bacteri nei tubercoli radicati delle Legumitio 

i, 21 % 464, cited by Picbi, 1 . c. n l 

Jn Ueber die bei der Schwarzerle und der gewcehnlichco ^geieno^ 5, 
tenden Wurzelanschwellungen, Mem. d. 1 * Acad. Imp* 

(18661 2 


^066) 2. 

* 9 Studier ofver Leguminosernasrotknolar, Lund, 1874 

P- 3 ^ 1 . Cited by Vuillemin, 1 . c. and others 
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. the characteristic enlargements of these structures where 
they pass through the cell walls.. 


He believed these funsrus 

• o 


hyphx to be the real cause of the tubercles. 

DeVries ' 50 observed the hyphae described by Eriksson but 
hilnot believe they stood in causal relation to the tubercles. 
bchindler * 1 also detected the hyphae but claimed they enter 

degenerate, while Cornu 3 55 and 


alter the tubercles benin 

o 


Slmci-’ declare there exists no mycelium in the tissues, 
n recognizes the presence of strands but denies the 
- ice 0 a membrane. He believed they were strands of 

? sodium similar to Woronin’s Plasmodiophora brassiest 35 

tir^hTr, : S u me i W ° r0nin36 retreats fr °m his former posi- 

MiV,, iK t .r bCrC e l Were caused by bacteria or vibrio-like 

• ■1 ’ ‘ i* Je lLVcs fbem to be due to a plasmodium, being 

«t I>rm° bab is i by h ‘ S Studies u P° n the club-foot of cab- 
ion, esn„, a ,i leUX argely corr °borated the studies of Eriks- 

•bir riansiff/ r . e, " a L rd to ^ le structure of the tubercles and 

plasmodium rplTj believed them to be caused by a 

H»ch excrete ^ Woronin ’ s Plasmodiophora brassiest , 
In 18 -qIo VlSC,d Su bstance. • 9 

’ubiect He ^ ran b > s first important paper on the 

He b* “u Tf ^ 0th the h >-ph* and the bacteria-like bodies. 

tu '' Dablir-ih'n ^ 1 C l s P routed from the former. In an 

n he thought the fungus to be closely allied 


rasgeschihcte 


''krife biologische r a Landw - J ahrb - lS 77- 

W,* H ;r f I-andw. xxxm ^ er ^ urze ^ noeb chen bei den Papiliona- 

. c/f'^Hcben bei den Par.T '* ’ 33 b - Ueber die Bedeutung der sog. 

twjbl' 6 34. cited by Tschirrh '? nace ^ n - ®sterreich. landw. Wochenblatt 
«Or<o Bot. Centralh v ’ ? oo Ur ^ enntn i s s der Wurzelknoelchen der 

, ® d 1’ Acad a T XVm (,88 ^)> 86 • ^ 

l r sul) - origme della L „ . ......... .i&i JH 

-*■ a feba. Bologna, 1887, cited by Vuille- 

igen der Lpbw ^ er Prov ' Brandenburg, 1877 . Ueber die 
*bid. 1878 . 8 inosen und ihre Erzeugung durch Einfluss 

Jahrb. 

P 371. 



iss. Bot. xi, 548. 




“S«rU 


P- 548 . 
Mature 


s ^^ Un) ineuses Se p I ^/ a c f orrnat ^ on ^ es tubercles qui naii 
.. ^^dosd Bul1 - Soc - Bot - d- France. 1879 P- 98. 

bx y** p ara ,.; **• Pans - cxi, 926. ■ r 

,, ten in den w.. , 


i 


^ S mpsis . * 7 '’ n * 2 4 . 25. 

’'»«■ XV,,,. N 5 o p,oglme -. 


P- L 944 - 
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to the genus Protomyces of De Bary, 42 but now he transfer 
it to the genus Schitisia founded by Naegeli 43 on a fungut 



which causes galls on the roots of Cyperus , and calls it 
Sckinzia leguminosarum , thus considering it to be closely 
related to the fungus in galls on the roots of Alnus first de¬ 
scribed by Woronin. 44 It is quite important in view 
Frank’s change of opinion at a subsequent date to note that 
an examination of the illustrations and description^ whick 
accompany this paper leaves no doubt that at that time 
considered the bacteria-like bodies to be budded off from the 



hyphae though he did not actually see the budding take place 
This paper of Frank’s brought out a rejoinder from Kny* 
states that the bacteria-like bodies are the spores of *'•- 

The general effect of these investigations was to goe 1 
feeling of confidence in the view that the etiology’of the tuber¬ 
cles was primarily due to the irritating or stimulating ir. fluent 
of some organism in the soil, though there was great J ,tr * 
sity of opinion as to the character of the organism. 

This feeling of confidence, however was soon shaken b> * 
appearance in 1885 of a paper by Brunchorst. 40 Bruncwr 
claims that the tubercles are not caused by any orgams® 
He affirms the older views that they are normal structures 

To the vibrio-like bodies he ascribes an entirely ne v ' r 1 - 1 ^ 
He believes them to be differentiated portions <>f the 
protein contents of the cells. While they’ possess t t 

bacteria they' are inert and serve as receptacles for t <• * ‘ ^ 

of proteid substance by r the plant since they were o^.ni 
exceedingly rich in protein matter and that later t e,r c< | ^ 
are absorbed by the plant. Because of their morpro_ 


resemblance to bacteria Brunchorst termed them '- ),K 


not consider the® » 


He observed the fungus hypha; but did not co,1s 1 
stand in causal relation to the tubercles since e ou 



Beitrage zur Morph, u. Phys. d. Pilze, i 


LT 


43 Sur des Champignons vivant dans Y interieur dcs cellul^* ^ 
naea, 1842, p. 278. Translated in Ann. Sci. Nat. Bot. U t Xix ' 

4 4 Observations sur certaines excroissances que P resen ^ a °cJ^al^ ^ 

ct d. lupin des jardin. Ann. d. Sci. Nat. Bot. V. vn. 73 * 

46 Zu dem Aufsatze des Herrn Prof. B. Frank uber 
anschwellungen der Papilionaceen. Bot. Zeit. 1879* P* 53 * 

46 Ueber die Knoellchen an den Leguminosenwurzeln. Bcf- 

Gsells. in (1885). 241-257. 
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t.. the tubercles of lupines. He as well as Eriksson 4 ' showed 
that two types of structure existed, one represented by the 
lU " rcles on lupine, and the other by those on peas etc 

Schindler, 48 Tschirch, 48 Benecke, 8 ’ Van Tieg'hem' and 


Duliot. 


and Sorauer 02 supported Brunchorst'j 


, . —rr - ^■u.n.uviai'.s view. 

ire 1 even went farther and considered the fungus hyphae 

• y, rts . cnt ni,thin g bu t preliminary stages in the differentia- 

,*,"! K k P 1 * 5 " 1 * into bacteroids, Lecomte” consid- 

■h (v.' 1 ° / 1e ,. - v P b 'e and bacteroids were receptacles for 

storage of albuminous material. Tschirch 84 calls the 

'7V" t- 1 ' the bacteroids are found "bacteroid tissue.' 1 
tHe namifir UI ] ,escrveci b' abandons his earlier views of 
Brunchorst ° tu ^ erc ^ es an ^ holds it proved by 

■ ■ ZSzrsrf-r *" organs of ' he Le «“- 

•Wchorst etc *’. a role, while 

11 fu >l presentation* 8 ( ^ a prebmmary paper 56 and later 
! iueto a fungus 57 ° ^ W ° rk ° n AInus ^ alls finds them to 

( ^of w t? U ^ n k hun ^ as lt were ’ in the balance 

lv *' on this subiect ° i er . med the midd le period of investiga- 
Published whirl, f ut 1 , j T1 P ortant contributions were soon 

* «ionshi D of th , W ° uld remove all doubt of the causal 

>7( ^_j^inesoil organisms to the tubercles. 


at the 




tndier 

■381. 


Lund. 1S74. Bot. Zeit. xxxv 


* ^ ^ /T* AAA v 

J 0ur Laodw. xxxiii Wurzelkncellchen bei den Papilion- 

W«r*lkn®llrk.. L . . 


utter dift w ,, ,too 5 ^ 

SDd Bo'? ”:!! Ch '» der Lrguminosen. 

ir^^,”- (»W 7 .) 

U ® llc nen an den Leeumi, 


Mft 

VI 

* 

■ 


Gesells. Naturvv. Freunde 



Wurzeln. Bot. Centralb. xxix 

stru ctureet nat 

d. Soc. Bot Fi^n Ue ^ es ttibereles radicaux des Legu- 

d t n France - xxxv ^ i888 )- 

* ■ 1 ' :I *rien angesprochln V* u^° “t>er die Wurzelknaellchen und 
*!*,;** j _ 8 PrOChene lohaltskoerperchen, Bot. Centralb. xxxf 


-rU ai ^ 

* ur Ke: 


/’Vddie w„ "T ’ |,oa 7 ). 58 

a ^^' e11 ungen der E 

vc^xSLr^ 115 - V(i 88 7 >. 

|i8«o). t?. an den Wurzeln 

^*S|«2i? W 1 “ r2 elanschwellun K en besn a 

■I " rs **■ 


**- Clesella. v 1,00 ** ui^eiKnollchen Tiw.mi.~M Ber. d. 


von Ain us und den Elaeagnaceen 
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Recent period of investigation. 


Ward 


18 by a very careful series of inoculations with soil 
material proves conclusively that the tubercles are caused by 
some organism which is very abundant in the soil. Frank* 1 
had even earlier carried out similar experiments which 
pointed to like results. Ward traces the development of the 
fungus strands from infection in the root hairs, its gr* wth 
down into the cortical parenchyma, and into the tissue of the 
tubercle, where it branches in all directions. He describe* 


and figures the peculiar enlargements where the hypha* pc- 

port ions of till 


through 


the cell walls, and also 


enlarged 


hyphae within the cell lumen, characters which we have seer 
were noted by earlier observers. 

On some of these enlarged portions he observed very srual-' 
buds, or “gemmules,” as he termed them, similar to the* 
described by Frank. He considers these the points of ong'J* 
of the bacteroids, in fact that the bacteroids, or gemmoio, 
are budded off from the hyphae. According to Ward these 


gemmules then increased by farther budding within t.V. 

Since there was some correspondence hetwc- 1 

or bacteroids, 


tubercle, 
this 


supposed development of the gemmules, - 

with the development of the sporids from the promycelh 
some of the Ustilagineae, and the successive buddings of. 


believed the 


fungus 


of 


Ustilagineae, but through 


sporids in nutrient solutions, as shown by Brefeld, to0 

the tubercles to be related to 
its peculiar symbiotism " ll ** 

host, by which the “gemmules” could be preserved t 
the summer period and then during winter and spring se 
by the decay of the tubercles, there was not the need r _ 
ing spores such as are found in the known Ustilaginc** 
consequently they had ceased to be produced. ^ 

same time the cultural researches of Hellriegel, e 


t 


MM • • ' ■> J . pjjil Tr*> 

58 On the tubercular swellings on the roots of Vicia Fa a 

Royal Society, clxxviii (1887). 139-562. 

B9 Bot. Zeitung, xxxvii. n. 24-25, 1879. 

60 Botanische Untersuchungen. v Die Brandpilze 1 *88 v 

61 See also, On the tubercles on the roots of leguminous 
reference to the pea and bean. Proceed. Royal Society. *** ^ 

*"Weiche Stickstoflfquellen stehen den Pflanzen zu Gebote. 

Naturf. Versammi. zu Berlin, 1886/p. 290. 
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and Wilfarth, 63 and Laws and Gilbert 64 confirmed the inves¬ 
tigations of Ward, that the tubercles are due to the action of 
some organism within the soil. 

Ward pointed out that the relation of the low organism to 

its host was that of a symbiosis, with mutual benefit. Lund- 

<t rce rn * * entertains similar views, but left it undetermined 

whether the lower symbiont was a plasmodium or one of tne 
bacteria. v * SSE 

In i*8x a very important contribution to the biology of 
■ organism was presented by Beyer.nek.«« He undertook 

ration °f the organism in artificial media and claims 
, Ca,e “ y xri.died the development and morphology of 

i.»i' i' t 3CCS 7 va . net ' es ’ and in the tub ercles he thought he 

«»ld trace the development of the bacteroids from bac- 

organism he considers one of the bacteria, and 



•b<mes it Bacillus radicicola. 


vrih«s a r .Besides the rod forms he de- 

maller. He Ejected th^ ^ °‘‘ ganism which is very much 

•se lc i ea °f the presence of fungus hy- 


ph*. 


Jtvision. 


These he considered 


vr , . . -to be the products of nuclear 

1 tried to exDhin™^ 1 ' 1 ^ a as the means infection 

t;,-. from cell tr .11 u e entrance of the organism and its pass- 
n the cell w ill ^ ' stating that there were invisible pores 

f which' w J emin Published his investigations, the results 
• c tubercles a rn « a,n ^ a n,n S the relation of some symbiont in 
‘i'ning the natn l e at variance with others con- 

,! l°pment of th * C ° . e or g a nism. His studies of thede- 

i ce *tain of the . °!"^ an ) lM7 \ Were directed to an examination 
’ J ngus threads m! ,erC CS * n au tumn. He observes the 

H 7 clail »5 to have r!h!l r . P . r 77 th ! cu'urgemen ts as sporangia, 
ringia. fu, ? Scnec i the formation of zoospores in the 
- he describes as pyriform, with a cilium at 


* >4 

***«» H 


Wote 


v ubrir (}’ c ' - " —— 

ii\» ' <: ^fgeheft 2, d 7 P ;l^u t ' C £ St j ) ® na ^ run 8 , t er Gramineen und Legumin- 

T** ^ Bot. Cen !!m r f ‘ d ‘ Ru benzucker Ind. d. D. R. Berlin. Nov. 

0 n the preseQt qu ^.j alb - xxx,x (fS8 9 ). 138. 

Rn val Societv ciyf* ^ arc ^s of the nitrogen of vegetation, etc. 
, l ul la vegetatirm * ‘ I_I ° 7 - Etat actuel de la question des 

•n.bio.bcfem Ann A * r - x,v " 888 »- 

ungen bei den Pflanzen. Bot. Centralb. xxvm 
,tL « -uL? 04 D0Bl,chen -Bot. Zeit. 1888, p. 725-735, 741-750. 757 - 771 . 

' ,888 - P- 96. C3UX des Leguminenses. Ann. d. Sci. Aer. Franc, et 
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the smaller end. They conjugate by fusion and form cysts 
The non-septate character of the hyphae taken in conjunction 

with the formation of zoospores, would ally the fungus with 
the Chytridiacece and Vuillemin considered it to be an un- 
described species of the genus Cladochytrium , and called it 
Cl. tuberculorum. A comparison with Nowakowski’s de¬ 
scription and figures of Cladochytrium tenue 68 shows at least 
a striking resemblance in the form of the fungus as the hyph.e 

tissues of A corns, presenting here 
there intercalary and terminal sporangia. 

\ uillemin, with Ward, 09 Lundstrom 70 and Schindler, T! 

believes a symbiosis to exist between the fungus ant! the 
Leguminosae. While Lundstrcem classes the tubercles in the 
category of organs which are the products of mutual associa¬ 
tion, called by him “domatien, 72 Vuillemin 73 pro 
name suggested by I" rank 7 4 and calls them Ki Mycorhises endv- 
t> ophiques, or ** endomycorhises . Ward 7 5 shows that their n* 
elusion among the Mycorhizae is as logical as that of Frank " ir- 
elusion 76 of Warlich’s 77 orchid root fungus. 

Frank later <8 distinctly places them, as well as the palls, 

on Alnus, Elceagnus, etc., among his Mycorhizae. 




«8 


Bcitrag zur Kenntniss der Chytridiaceen, In Beitrage zur 

Pflanzen, ii (1876). 73-121. < 


Biolog 


ie 6 


-/j-ui. v ^ J 

Phil. Trans. Royal Society, clxxviii (1887). 539-562. 

s ynibiotische Bildungen bei den Pflanzen, Bot. Ceotralb x 


n 


, Af 


•-r 


(1886). 

(i884) Ur ^ enn ^ n ^ ss ^ er Wurzelknoellchen der Papilionaceen.Bot. Centrall' 

Ueber Mycodoraatien in den Wurzeln der Papilionaceen, Bot Central 
axxiii, la \ 

i888^ emar< ^ UeS SUr memo ^ re Lundstrcem. Jour, de Botaniq oe 

j l^ber die auf Wurzelsymbiose beruhende Ernahrung gewisser 

v,“°V er !r dische Pi '“' Ber. d. deutsch. bot. GeselU. m (' 3*51 
ni? Mittheihungen iiber die Mykorhiza der Baume und der Monotropa oyp^ 

P 7 y 5 S ' • Ber d deutsch. bot. Gesells. nr (1885). 

in .^ ome re cent publications bearing on the question of the sources of n * 

«o plants. Annals of Botany. 1. (18S7-18S8). 325-357-pAij l| Kfll 

m- ^ neue Mykorhiza-Formen, Ber. d. deutsch. bot. G 
39j-4o8. 

(tS.8<^ e ' tra ^ ZUf ^ enntn * ss der Orchideenwurzelpilze. Bot. Zeituag 
nhf»n^^t r ^1!? au ^ ^nfeuung von Pilzen abzielende Symbiosedef per 

d ^, OI *^ ,zen begabten Pflanzen, sowie der Leguminosen und r 

tsch. bot. Gesells. ix 11891). 244-253. 
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Following close upon Vuillemin’s contribution were several 
by A. l’razmowski, a preliminary paper in 1888, 7 in w hich 
he considers the tubercles to be due to a parasitic fungus re¬ 
lated to Woronin’s Plasmodiophora brassicce. 

A second paper appeared in 1889, 80 and the final results of 
his study of the etiology and development of the tubercles 
a> published in 1890. 81 Prazmowski now believes the tu¬ 
bercles to be due to one of the bacteria and he describes the 
organism obtained by himself in artficial cultures from the 
V' rclcs. By inoculation with the same he succeeded in de¬ 
veloping the tubercles. According to him it is a bacterium. 
Inartificial cultures it always develops in the form of simple 
s h"rt rods, which may for a time remain joined in short 
duins, but it never forms filaments. The rods may farther 
v-ivide up into short cells, and it possesses a motile form, 
k denies the presence of fungus hyphae, regarding them as 
k- atinous tubes which the organisms excrete to form a pro- 
teLtive covering for the mass. The manner of infection 

root hairs agrees in all essential respects with 


mg any genetic connection w 


ith 


■ 1 described by Ward ( 1 . c.), only Prozmowski does not 
^ upon the tube as havi..^ _ __ __„ 

lilji • ^ 

organism, but simply encloses them while the colony of 
d' rec * e d by a common purpose move along together 

j a dvancing tube down into the tissue of the root. In 
regard . . 


Ilnriilii ^ i ^ 8 Unity P ur P°se exhibited by the colony as 
U 'y P ia 7 -mowski, his organism would show a relation- 

- P 10 Tha *ter’s Myxobactt 


rtacece . 


urt of 0 '^* WaS Una ^^ e demonstrate the membranous 
'i re. t C tu ^ e * ' v 'hile there seems to be pretty good evi- 

r °m the experience of Eriksson, 83 Ward, 84 Vuille- 


: ; 2- el ^ ncellchen der Legumi 


b ”o jstocie i 

d \Visv.nsrh Z ^" lU J <0rzen * ow y c * 1 § roc hu. Berichte aus d. Sitz. d. k. k. 

; vns? d er \tr 1 ?. ^ r ^kau, June, 1889. Das Wesen und die biologische 

1,, * Wurzelknollchen der Erbse. Bot. Centralb. xxxix (1889). 356 * 


minosen, Bot. Centralb. 


1 (1886). 


. '* i -^ihte k ( W 1 v en ,, d ? r Erbse - Erster Theil, Die .Etiologie und Entwick- 


Landw. Versuchs-Stationen. xxxvii (1890). 


c ^ er Knollch 

•k, 12 *° :iCtenace3e - a new order of Schizomycetes. Bot. Gazette, xvii 

3*1.'* fVer LegUm inosernas rotkncelar^^^^^H||HMtl 

^ Phil Trau, ^ 

c * T ^ v i 1 iSty; ^ oclet y. clxxviii. (1S87). 539'562. Proceed. Royal 


Lund. 1874. Bot. Zeit. xxxv. 
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The Botanical Gazette. 


[June, 


min,' 5 Pichi, 86 A. Koch, 88 and Laurent 88 that a membra.- 
does exist. 


8 9 


and Mattei 9 " about 



Short communications by Delpino _ dOT1 

this time support the view that the tubercles are caused bv 
bacteria. 7 

•^* ran ^ appears with still another contribution. 
VV hue he does not wholly return to his earlier convictions he 

retraces his steps far enough to once more champion the 
causal relation of some soil organism. This time he believes 
the organism to be micrococcoid and names it Rkiz 
rninosarum. He still recognizes the two form elements in 
e tubercles, the hypha-like strands and the bactcroiT 
ie ormer he believes to be a homogeneous mixture of the 
ce protoplasm of the two symbionts, in which nothing 
is visible indicative of the nature of the Rhisobium or the 
protoplasm of the leguminous plant. This mixture he terms 
my 1 opiasm. Upon treatment with certain reagents the por¬ 
tion of the mycoplasm belonging to the host plant dissolve* 
an sets the micrococci free. Frank also obtained his/W-’-'* • 
tuni in artificial culture and produced the tubercles by inoc- 
u ation with the same. The bacteroids he regarded as trag- 
ments of the mycoplasm, while in a more recent communica* 
ion he says they are hvpertrophied forms of the Rhi- ’ 

oium. r _ 

In the same year Laurent published a preliminary paper** 
on this subject, followed in 1891 94 by a more complete expo¬ 
sition of his investigations. He also obtained the organic 

in artificial cultures and recognizes the genetic connection 
the bacteroids and fungus strands, believing with Ward and 
e ear " er tenets of Frank that the bacteroids are budded oi t 



Aid 


ddU 


8 «Alr«‘ d ' SC ‘‘ Agr Fran ^- et etrang. 1888. p. 06. 

Sori^b'. t sui tubercoli radicali delle Leguminose 

B* l ;‘ T £ Scani dl science naturali. 1888. 

der Fad en in den Wurzelknbllchen der Legummoswe 

v «.'*?'>: “ 5 -»: .. . .. 

officinalis. 


87 

R8 

89 


90 
8 1 


W 1 • * 4 ^ 4 a I * 

Malpig. n. fasc. q-io. (1889). Cited by Prazmowsxi ^ 

suir oripin,* H»li. ._ ,b«t rited bv VoiM* 3 * 


•2D pr : K ~ t * j vikjxc uer Leguminoseen. r^eriin, to 

93 Sur I G • bot. Gesellsch. ix. (1891). 244-253. 

is i&" micro ^ e ^ es nodosites des Legumineuses. Compt 

4n A » PP* 7^4~7Sb. j fflgfl 

I0 5^3? herCheS SUf les nod osites xadicales. Ann. d. Host. Pasteur, v 


890 


Rend 4 5 


93 

Paris. 
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lr:in the hyphse. He treats of the organism as a yeast form, 
ui while in his artificial cultures a large number of the indi- 
viluiIs were rod-like, some presented an irregularly lobed 
or ii. These forms together with the development of the 

wcteroids from the hyphae he judges separates the . 

fr in the true Schizomycetea . He accepts Frank’s nam eRhizo- 

legumi nos arum, but believing it to be related to Metsch- 
mkolfs Pasteuria ramosa, 9 5 he locates 


organism 


mg. 


it in the Pasteur- 


During the last year an article on this subject has appeared 

r an . American writer. 9 6 The original part of Schneider’s 
< ea s with the morphology of the bacteroids of several 
n i 0us . s P ecies . the variations in form of the bacteroids 
l . t ^T ng 1,1 es thnation of the author sufficient ground 
, in V t i c arac ^ er, 2 a tion of species, and several species and 
Rfo'riiittif • Schneider accepts Frank’s generic name 

litsthcC!‘ t rC,eCtS his theor y of a mycoplasm. He de¬ 
ar*! definit [ ,C c . onnect ‘ on °f the bacteroids with the hyphae, 

the idea of ar, y causal relation of the 

tubercle kV ^ tu ^ erc ^ es - Die observes fungus threads in 
which he findc ** cann °t differentiate them from fungus threads 
tiabercles. 10 Cr P ar ^ s °f the roots where there are no 


Ctrnell Univet 


'sity. 


[ To be concluded. ] 
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briefer articles. 


p|^ fraiih iif r 

!o "‘ Ddi: bulb whi t ° ni Was,li ngton.—Allium Hendersoni—About a 
,Vl * reticulated* le ° Vate? lines in diameter, finely but indis- 

aVes 2 ’ ^near-oblong, attenuate, thickish, 4-6 


tW 



as many linpc Kr ^ ducnuate > micwisn, 4-0 

5; umbels m a 3d ’ sca P e rather stout, much exceeding 
' ’ruinate. 6-8 , 0were d. globose: spathe 3-parted; bracts 
h 1'he perianth ' aes ln . length: pedicels 8-10 lines long: seg- 
^ l'^* rnidrib- t° m lc 0vate ’ acuminate, 3-4 lines long, pur- 

res sed, obov amen ^ ^ xser ted: ovary 6-crested: seeds dull 

in length.—Collected near Pull- 

^ ^ mm 1- - 1—-ir —1—^-■— 

bacteries a division longitudinale. 
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r: irnos a 


^ nieric aa Rhizobia. Bull. Torrey Bot. Club 
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